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Abstract

Background We conducted a randomized, controlled trial to
determine whether supplementation with oral branched-chain
amino acids (BCAAs) improves serum albumin and clinical
outcomes in heart failure (HF) patients with hypoalbuminemia.
Methods and results We randomly assigned 18 in-hospital
HF patients with serum albumin <3.5 g/dL to receive oral
BCAA granules (LIVACT®) for 28 days during their
hospital stay or until discharge (BCAA group; N = 9) or to
receive no supplementation (controls; N = 9), in addition
to recommended HF therapy. The primary endpoints were
changes from baseline in serum albumin and cardiothoracic
ratio (CTR). Sixteen patients completed the study. The
mean (=% standard deviation) period of BCAA supplemen-
tation was 18.4 + 8.4 days. Serum albumin significantly
increased in the BCAA group [mean difference vs baseline,
0.44 g/dL; 95% confidence interval (CI) 0.13-0.76;
P = 0.014] and did not change in controls (0.18 g/dL; 95%
CI —0.05 to 040; P =0.108). CTR significantly
decreased in the BCAA group (—2.3%; 95% CI —3.8 to
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—0.8; P = 0.014) and did not change in controls (— 1.0%;
95% CI —2.3 t0 0.3; P = 0.111).

Conclusion In-hospital HF patients with hypoalbuminemia
supplemented with BCAAs showed increased serum
albumin and decreased CTR.

Clinical trial registration number UMIN000004488 [http://
www.umin.ac.jp/ctr/index.htm]

Key Points

The present study demonstrated that in-hospital heart
failure patients with hypoalbuminemia showed
increased serum albumin, decreased cardiothoracic
ratio, and increased cholinesterase after
supplementation with oral branched-chain amino
acids (BCAAs).

The increase in albumin during the treatment of heart
failure was finely correlated with the changes of
clinical parameters such as cardiothoracic ratio and
body weight.

1 Introduction

Heart failure (HF) has become a growing burden on
healthcare systems, and hypoalbuminemia is a common
complication of HF, affecting 18-52% of patients [1-5].
Possible causes include appetite loss, malnutrition, liver
dysfunction, inflammatory cytokines [2], and cardiac
cachexia [6]. Serum albumin is required not only to
maintain intravascular colloid oncotic pressure, but also
efficient delivery of loop diuresis to its target site. For these
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reasons, hypoalbuminemia exacerbates edema and con-
gestion and is related to poor clinical outcomes in patients
with acute and chronic HF [2, 3, 5, 7, 8]. Effective thera-
pies to improve serum albumin in patients with HF are
unknown.

Branched-chain amino acid (BCAA) supplementation,
consisting of valine, leucine, and isoleucine, has already
been used for patients with advanced liver cirrhosis and
provides benefit by improving the serum amino acid profile
and increasing albumin concentrations [9, 10]. BCAA
supplementation is also beneficial for patients with cancer
[11] or those undergoing hemodialysis, by improving
appetite loss [12]. BCAAs also ameliorate HF with cardiac
cachexia in rats [13]. However, the efficacy of BCAAs in
patients with HF is unclear.

The main hypothesis in this study is that the intervention
of BCAA supplementation for hypoalbuminemia might
improve clinical outcomes of HF patients. To elucidate the
efficacy and safety of oral BCAA supplementation for
patients with HF with hypoalbuminemia, we conducted a
prospective, multicenter, randomized, controlled study of
in-hospital patients with HF.

2 Methods
2.1 Study Design

This was a prospective, multicenter, randomized, open-la-
bel trial. The study was conducted in accordance with the
Declaration of Helsinki. The study protocol was approved
by the ethics committees of each participating institution.
Written informed consent was obtained from all patients.
The trial was registered at http://www.umin.ac.jp/ctr/index.
htm, with the identifier UMIN000004488.

2.2 Patients

Patients 20 years of age or older with decompensated HF
who were hospitalized in participating hospitals in Japan
between November 2010 and October 2014 were assessed
for eligibility. HF was diagnosed by at least one subjective
symptom (dyspnea or orthopnea) and one sign (leg edema,
jugular vein dilatation, pulmonary rales, or pulmonary
vascular congestion on chest X-ray) of fluid retention.
Eligible patients were those who showed serum albumin
concentrations of <3.5 g/dL twice during hospitalization.
The exclusion criteria were determined mainly for safety.
Patients with serum creatinine >3.0 mg/dL, blood urea
nitrogen > 60 mg/dL, nephrotic syndrome, hemoglobin
Alc>8.0%, liver cirrhosis, congenital abnormalities of
amino acid metabolism, severe ventricular arrhythmia,
mechanical ventilation, or severe infection were excluded.
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After the hospitalization due to exacerbation of HF, initial
stabilization was performed until patients could take meals
without difficulties, and patient recruitment was performed.

2.3 Study Procedures

Eligible patients were randomly assigned to the BCAA group
or the control group. Randomization was carried out by the
University Hospital Clinical Trial Alliance system and was
stratified according to serum albumin of 2.8 g/dL and an age
of 75 years. Control group patients were treated with recom-
mended HF therapy. BCAA group patients were orally sup-
plemented with one pack of BCAA granules (LIVACT®,
Ajinomoto Co., Tokyo, Japan) containing 1144 mg of L-va-
line, 1904 mg of L-leucine, and 952 mg of L-isoleucine,
3 times a day for more than 7 days during their hospital stay
until hospital discharge, in addition to receiving recom-
mended HF therapy [14]. Daily food intake was mandated by
the dieticians as 25-35 kcal/kg/day and 1.0-1.4 g protein/
kg/day, and 6 g sodium restriction/day was also performed.
The patients were monitored for 28 days during hospital
stay or until hospital discharge. Body weight, blood pressure,
chest X-ray, daily food intake proportion, serum albumin,
B-type natriuretic peptide (BNP), cholinesterase, blood urea
nitrogen, serum creatinine, blood ammonia, and BCAA con-
centration were measured at the start and the end of the study.
Amino acid concentrations were measured by Ajinomoto Co.
Patients who were discharged or dropped out before taking
BCAAs for 7 days were excluded from the analysis.

2.4 Study Outcomes

The primary endpoints were changes from baseline in
serum albumin and cardiothoracic ratio (CTR). The sec-
ondary endpoints included BNP, BCAA concentration,
Fisher ratio (total BCAA concentration divided by total
concentration of phenylalanine and tryptophan), food
intake proportion, and length of hospital stay. The safety
endpoints were serum creatinine, blood urea nitrogen, and
blood ammonia.

2.5 Sample Size Calculation

We calculated that a total of 34 patients were required to
obtain 80% power to detect a difference in serum albumin
and CTR between the two groups with a significance level of
0.05 for a two-sided test. The sample size was overestimated
to be 40 to allow potential drop-out of 15% of the patients.

2.6 Statistical Analysis

Quantitative variables were compared between the two
groups by Student’s ¢ test or the Mann—Whitney U test if
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appropriate for unpaired data. Changes in quantitative
variables during treatment were assessed by Student’s ¢ test
for paired data. Categorical variables were compared by
Pearson’s y” test or Fisher’s exact test. Single regression
analysis was used as appropriate. A P value of 0.05 was
considered to indicate a statistically significant difference.
If appropriate, Bonferroni correction was to be performed.
All tests were two-sided.

3 Results
3.1 Patients

Between October 2010 and September 2014, 18 patients
were enrolled and randomly assigned to the BCAA group
(N = 9) or the control group (N = 9). One patient in the
BCAA group wished to discontinue the study and dropped
out 3 days after enrollment. Another patient in the BCAA
group was discharged from the hospital before receiving

Table 1 Baseline characteristics of BCAA and control groups

7 days of BCAA supplementation and was excluded from
the analysis. Data from a total of 16 patients were analyzed.
The baseline characteristics of the two groups are sum-
marized in Table 1. No significant differences were
observed between the groups in baseline characteristics.
There was one patient with intravenous inotropic agents in
the BCAA group, and one patient with intravenous diuretic
therapy and one with human atrial natriuretic peptide in the
control group at the start of BCAA.

The mean [+ standard deviation (SD)] period of BCAA
supplementation was 18.4 8.4 days. Two patients in the
BCAA group were excluded from the CTR analysis
because chest X-rays with the patient in the same position
before and after treatment were not available.

3.2 Efficacy Results
The results for each endpoint are listed in Table 2. Serum

albumin significantly increased in the BCAA group [mean
difference vs baseline, 0.44 g/dL; 95% confidence interval

Characteristic BCAA (N=17) Control (N = 9) P value
Age, years 72+£13 80+38 0.17
Female gender, n (%) 4 (57) 5 (56) 0.94
Body weight, kg 543+12.2 484 +17.8 0.45
Body-mass index, kg/m2 23+4 1945 0.14
NYHA class (1/2/3/4) 0/0/1/6 0/0/5/4 0.15
Systolic blood pressure, mmHg 106 £ 16 111+24 0.68
Diastolic blood pressure, mmHg 58+ 11 5712 0.96
Heart rate, beats/min 75411 79412 0.52
Cardiothoracic ratio, % 61.2+3.7 62.2+5.6 0.88
Left ventricular ejection fraction, % 0.41+0.11 042+0.14 0.96
Left ventricular end-diastolic diameter, mm 59+ 10 50+ 18 0.23
Food intake proportion, % 87+ 17 82 +27 0.69
Serum albumin, g/dL 30+03 29+04 0.60
BCAA, umol/L 332 £57 373 +£103 0.36
Fisher ratio 29409 2.8+0.9 0.91
B-type natriuretic peptide, pg/mL 444 £+ 482 463 £254 0.88
Serum creatinine, mg/dL 0.86 +0.49 1.21 +£0.68 0.24
Blood urea nitrogen, mg/dL 177 25+15 0.15
Ammonia, pg/dL 46 £ 14 31+13 0.079
Cholinesterase, IU/L 191 29 170 £ 41 0.25
ACE inhibitors or ARBs 6 (85.7%) 6 (66.7%) 0.37
Beta-blockers 4 (57.1%) 7 (77.8%) 0.15
Aldosterone receptor blockers 6 (85.7%) 7 (77.8%) 0.77
Timing of the start of this study (days after hospitalization) 9.7+29 13.3+10.7 0.40

Data for continuous variables are presented as mean =+ standard deviation

ACE angiotensin converting enzyme, ARB angiotensin II receptor blocker, BCAA branched-chain amino acid, NYHA New York Heart

Association
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Table 2 Results of primary, secondary, exploratory and safety endpoints

Endpoints Difference vs baseline (95% CI) Comparison of changes, BCAA vs control
BCAA (N=17) Control (N =9)
Hospital stay (days) 29.1+10.2 28.8 +12.2 0.95
Study duration (days) 15.6 7.9 10.1£5.4 0.15
Primary efficacy endpoint
Change of serum albumin, g/dL 0.44 (0.13 to 0.76)* 0.18 (— 0.05 to 0.40) P=0.117
Change of cardiothoracic ratio, % —23(—=38t0—-08)"" —1.0(=231003) P =0.161
Secondary efficacy endpoint
Change of BNP, pg/mL — 269 (— 594 to 56) — 114 (—297 to 69) P =0.31
Change of BCAA, pmol/L 73 (— 8 to 154) 21 (—24 to 67) P =0.182
Change of Fisher ratio 0.64 (— 0.06 to 1.33) 0.08 (— 0.33 to 0.49) P =0.102
Change of food intake proportion, % 8 (— 11 to 26) —4(—18to 11) P =027
Hospital stay length, mean + SD days 29+ 10 20+ 12 P =0.95
Exploratory endpoint
Change of body weight, kg —3.0(=64100.5) —1.6(=321t00.1) P =033
Change of systolic BP, mmHg —5(=21to0 12) —14 (—27 to —1)* P =0.30
Change of diastolic BP, mmHg 0(—14to 14) —8(—191to0 3) P =032
Change of cholinesterase, IU/L 38 (9 to 67)* 7 (— 16 to 29) P = 0.059
Safety endpoint
Change of serum creatinine, mg/dL 0.03 (= 0.07 to 0.12) 0.04 (—0.09 to 0.17) P =10.89
Change of urea nitrogen, mg/dL 9.1 (1.6 to 16.6)* 2.8 (3310389 P =0.146
Change of ammonia, pg/dL —34(—183t0 11.4) —1.9(—15.0to 11.3) P =0.86

Parameters with significant changes are in bold

BCAA branched-chain amino acid, BNP B-type natriuretic peptide, BP blood pressure, CI confidence interval, SD standard deviation

*P <0.05 vs baseline

N = 5; two patients in BCAA group were excluded from the cardiothoracic ratio analysis because chest X-rays with the same position (anterior-
posterior or posterior-anterior) before and after BCAA supplementation were not available

(CD 0.13-0.76; P = 0.014] and did not change in controls.
CTR significantly decreased in the BCAA group (— 2.3%;
95% CI —3.8 to —0.8; P = 0.014) and did not change in
controls. BNP did not change in the BCAA group or the
control group. BCAA concentration, Fisher ratio, and food
intake proportion did not change in either group. Heart rate
and the level of C-reactive protein did not change in either
group. The length of hospital stay did not differ between
the groups. Systolic blood pressure did not change in the
BCAA group (—5 mmHg; 95% CI — 21 to 12; P = 0.56)
and decreased in controls (— 14 mmHg; 95% CI — 27 to
—1; P = 0.034). Cholinesterase increased in the BCAA
group (38 IU/L; 95% CI 9.2-67; P = 0.018) and did not
change in controls. There were no differences between the
two groups in changes of all the endpoints.

The correlations among changes in serum albumin,
cholinesterase, body weight, and CTR for all patients are
shown in Figure 1. Changes in the serum albumin level
were positively correlated with changes in the cholines-
terase level (R = 0.82, P<0.001) and negatively corre-
lated with changes in body weight (R = —0.87, P<0.001)
and CTR (R =—0.62, P = 0.017).
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3.3 Safety Results

Blood urea nitrogen increased in the BCAA group (9.1 mg/
dL; 95% CI 1.6-16.6; P = 0.025) and did not change in
controls. Serum creatinine and ammonia did not change in
either group.

4 Discussion

The present study demonstrated that in-hospital HF
patients with hypoalbuminemia showed increased serum
albumin, decreased CTR, and increased cholinesterase, in
contrast to controls. These results suggest the efficacy of
supplementation with BCAAs for treatment of HF in
patients with hypoalbuminemia.

Hypoalbuminemia commonly affects patients with HF
[1-5] and is associated with poor clinical outcomes in
patients with acute and chronic HF [2, 3, 5, 7, 8]. Among
several causes, malnutrition and inflammation were factors
causing hypoalbuminemia in the setting of HF. In this
study, malnutrition in HF was presumed to be a target for
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Fig. 1 Correlations between serum albumin change and with the same position (anterior-posterior or posterior-anterior) before

a cholinesterase change, b body weight change, and ¢ cardiothoracic
ratio change, respectively. Two patients in BCAA group were
excluded from the cardiothoracic ratio analysis because chest X-rays

BCAA treatment [8]. We examined the hypothesis that the
intervention for hypoalbuminemia might improve clinical
outcomes of HF patients. This is the first report to
demonstrate that BCAA supplementation in HF patients
could improve serum albumin levels, serum cholinesterase
levels, and CTR. Furthermore, we found no major com-
plications, such as hypotension, or increases in serum
creatinine, except a slight elevation of blood urea nitrogen
levels.

In this study, we used CTR as an evaluation for the
status of HF. There was a manuscript that demonstrated the
correlative relationship between CTR and the level of BNP
[15]. However, CTR has a distinctive feature that CTR
reflects right- rather than left-sided heart size in patients
with HF [16]. Indeed, right HF has a closer association
with malnutrition than left-sided HF [17, 18]. Therefore,
CTR is presumed to be more appropriate for the evaluation
of HF from the viewpoint of malnutrition.

As shown in Figure 1, increases in albumin were cor-
related with decreases in CTR and body weight. These
results indicate that BCAAs ameliorated fluid retention in
patients with congestive HF probably through an increase
in serum albumin. We found no significant difference in
systolic blood pressure between the BCAA group and
controls. This finding may indicate the safety of BCAA
supplementation in the population with low blood pressure,
with maintenance of intravascular osmolality and volume
via improved serum albumin levels, even with restricted
sodium intake and the use of diuretics [19].

and after BCAA supplementation were not available. BCAA
branched-chain amino acid

One possible explanation for this result is that BCAAs
serve as substrates of protein synthesis. BCAAs, particularly
leucine, activate the mammalian target of rapamycin (mTOR)
[20], promoting albumin synthesis [9]. The correlative rela-
tionship between albumin and cholinesterase supports the
beneficial effect of BCAAs on liver protein synthesis in this
study population. However, there might be a possibility that
the improvement of CTR might be derived from an efficient
decongestion induced by BCAA administration.

There are several limitations to the present study. First,
the target sample size was initially 40, but only 18 patients
were enrolled. The study may have had insufficient power
to detect differences in the endpoints between the groups.
Indeed, we could not exhibit a statistically significant
superior response in serum albumin level with BCAA
supplementation. Second, optimal doses of BCAAs were
not evaluated. The patients were only monitored for
28 days or until discharge from the hospital. The study was
stopped at the time of discharge, and the SD value of study
duration was variously distributed. Because hemoconcen-
tration may possibly affect the level of albumin, more
stable patients with HF would be suitable for an investi-
gation into the efficacy of BCAAs for improvement of
hypoalbuminemia in the treatment of HF. Future studies
should evaluate the long-term clinical outcomes, including
those in outpatients, especially whether BCAAs decrease
repeated admissions. Furthermore, the assessment of sar-
copenia might elucidate the mechanistic insight of BCAA
treatment in HF.
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In conclusion, in-hospital HF patients with hypoalbu-
minemia showed increased serum albumin and decreased
CTR after supplementation with BCAAs. Our results
indicate the efficacy of BCAA supplementation for HF
patients with hypoalbuminemia.
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